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ABSTRACT 

The f e a s i b i l i t y  of u s i n g  i n s t r u m e n t s  and equipment 
a l r e a d y  developed  o r  c u r r e n t l y  unde r  development for e a r t h  
o r b i t a l  e x p e r i m e n t s  i s  c o n s i d e r e d  for a l u n a r  o r b i t a l  m u l t i -  
s p e c t r a l  photography f e a s i b i l i t y  expe r imen t .  The i n s t r u -  
m e n t a t i o n  unde r  development i s  c o n s i d e r e d  i n  t h e  l i g h t  of 
mee t ing  t h e  r e q u i r e m e n t s  f o r  a m u l t i s p e c t r a l  expe r imen t  f rom 
t h e  CM i n  l u n a r  o r b i t .  

Two c a s e s  a r e  c o n s i d e r e d :  

1. a nominal Apol lo  l u n a r  o r b i t a l  m i s s i o n  i n  
which t h e  a v a i l a b l e  v i ewing  p o r t  f o r  t h e  
camera assembly  i s  t h e  CM h a t c h  window; and 

2 .  a m i s s i o n  i n  which t h e  camera v iewing  p o r t  
i s  t h e  Apol lo  Exper iments  A i r l o c k  window. 

I n  each  c a s e  t h e  r e q u i r e m e n t s  f o r  a camera a r r a y  a r e  c o n s i d e r e d  
and t h e  f i l m / l e n s  f i l t e r  combina t ions  c o n s i s t e n t  w i t h  t h e  o p t i -  
c a l  q u a l i t i e s  of  t h e  v iewing  p o r t  a r e  r ev iewed .  

It i s  concluded  t h a t  a l u n a r  o r b i t a l  m u l t i s p e c t r a l  
expe r imen t  i s  b o t h  f e a s i b l e  and d e s i r a b l e  u s i n g  t h e  Apol lo  
Exper imen t s  A i r l o c k  window and mod i f i ed  i n s t r u m e n t a t i o n  c u r -  
r e n t l y  unde r  development f o r  e a r t h  o r b i t a l  e x p e r i m e n t s .  It 
i s  s t r o n g l y  recommended t h a t  a H a s s e l b l a d  500 EL camera body 
be mated w i t h  a W l e n s  for u s e  i n  a l u n a r  o r b i t a l  m u l t i -  
s p e c t r a l  expe r imen t  and t h a t  t h e  & - u n i t  s e t  of  ganged H a s s e l b l a d  
500 EL cameras  be compressed so  t h a t  t h e  4 l e n s e s  f i t  i n s i d e  
a 6 1/2 i n  by 6 1/2 i n  s q u a r e .  These m o d i f i c a t i o n s  would have 
no e f f e c t  on t h e  u s e f u l n e s s  of  t h e  i n s t r u m e n t s  f o r  e a r t h  o r b i t a l  
s t u d i e s .  
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I N  T RO DU C T I 0 N 

E a r t h - b a s e d  photography and p i c t u r e s  from Surveyor  
i n d i c a t e  t h a t  d i f f e r e n t  r e g i o n s  o f  t h e  l u n a r  s u r f a c e  do n o t  
e x h i b i t  l a r g e  wavelength-dependent  d i f f e r e n c e s  i n  r e f l e c t i o n  
p r o p e r t i e s  i n  t h e  v i s i b l e  s p e c t r a l  r e g i o n .  T h i s  has r e s u l t e d  
i n  r e l e g a t i o n  o f  an  e a r l y ,  f u l l - s c a l e  l u n a r  o r b i t a l  m u l t i -  
s p e c t r a l  photography exper iment  t o  a low p r i o r i t y  ( R e f .  1 ) .  
However, enhancement of  ea r th -based  broad-band m u l t i s p e c t r a l  
photography has  been  s u c c e s s f u l  i n  showing t h a t  s i g n i f i c a n t  , 
a l b e i t  smal l ,  c o l o r  d i f f e r e n c e s  do e x i s t .  Many of  t h e s e  v a r i a -  
t i o n s  have been  c o r r e l a t e d  w i t h  v i s i b l e  t o p o g r a p h i c  f e a t u r e s .  
F u r t h e r ,  on accoun t  o f  a tmosphe r i c  i n t e r f e r e n c e ,  t h e  e a r t h -  
based s t u d - i e s  have n o t  u t i l i z e d  much o f  t h e  UV and IF, s p e c t r a l  
r e g i o n s  where some expec ted  l u n a r  m a t e r i a l s  ( e .  p. , s i l i c a t e  
s o i l s )  a r e  e x p e c t e d  t o  show l a r g e  d e v i a t i o n s  i n  r e f l e c t i o n  
as a f u n c t i o n  o f  p h y s i c a l  and chemica l  d i f f e r e n c e s .  

I n  view of t h e  above, i t  i s  s u g g e s t e d  h e r e i n  t h a t  
p r i o r  t o  c o n s i d e r i n g  a f u l l  s c a l e  m u l t i s p e c t r a l  p h o t o g r a p h i c  
expe r imen t  i n  l u n a r  o r b i t  a m u l t i s p e c t r a l  pho tography  f e a s i b i l i t y  
expe r imen t  i s  a d e s i r a b l e  s t e p .  Such a n  expe r imen t  i s  a n  
i n t e r m e d i a t e  s t e p  between l u n a r  s u r f a c e  pho tography  from t h e  
CM u s i n g  a s i n g l e  H a s s e l b l a d  5OOC and t h e  proposed  Lunar  
O r b i t a l  M u l t i s p e c t r a l  Photography Experiment  u s i n g  m u l t i l e n s  

cameras ,  we igh ing  750 l b s ,  and occupying  15 f t  3 . The  e x p e r i -  
ment would u s e  i n s t r u m e n t a t i o n  a l r e a d y  deve loped  or c u r r e n t l y  
unde r  development f o r  e a r t h  o r b i t a l  s t u d i e s  and would e s t a b l i s h  
t h e  f e a s i b i l i t y  ( i n c l u d i n g  s c i e n t i f i c  d e s i r a b i l i t y )  of  l u n a r  
s u r f a c e  m u l t i s p e c t r a l  photography.  

a n  expe r imen t  from t h e  CM i n  l u n a r  o r b i t  and s u g g e s t s  s e v e r a l  
p o s s i b l e  m o d i f i c a t i o n s  t o  t h e  i n s t r u m e n t a t i o n  c u r r e n t l y  unde r  
deve lopment .  I t  i s  assumed t h a t  t h e  CM h a t c h  canno t  be k e p t  
open  f o r  t h e  d u r a t i o n  of t h e  expe r imen t  a n a ,  c o n s e q u e n t l y ,  t h a t  
CM viewing  p o r t s  must b e  used.  Two c a s e s  w i l l  be c o n s i d e r e d :  

T h i s  memorandum c o n s i d e r s  t h e  f e a s i b i l i t y  o f  such  

Case I :  a nominal  A p o l l o  l u n a r  o r b i t a l  m i s s i o n  i n  
which t h e  a v a i l a b l e  v i ewing  p o r t s  f o r  t h e  
camera assembly a r e  t h e  nominal  C M  windows, and 
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Case 11: a 1u.nzr c r t i t a l  m i s s i o n  i n  which t h e  viewirig 
p o r t  f c r  t h e  m u l t i s p e c t r z l  camei3as i s  t h e  
Apollo S c i e n t i f i c  Exper imen t s  Ai r lqc l i  wjndoitr. 

I n  e z c b  citse t h e  requirerner l ts  f c r  t h e  camera a r r s y  zrc corls iderec!  
&nd 8 s e t  o f  f i l rn j l . ens  f i l t e r  c c m b i n a t i o n s  c o f l s i s t e n t  w i t k  tkle cp-  
t i c a l  c h & r a c t e r l  s t i c s  o f  t h E  viev;i.rig p o r t  a r e  r ev iewed .  

I f  a l u n a r  o r b i t a l  m u l t i s p e c t r a l  f e a s i b i l i t y  e x p e r i -  
ment i s  i n i t i a t e d  soon enough, i t  could have an effect an t h e  
s i z i n g  of t h e  ganged hand-held cameras  b e i n g  developed  f o r  e a r t h  
o r b i t a l  e x p e r i m e n t s  and on t h e  s e l e c t i o n  of  a camera for; e a r t h  
o r b i t a l  W s t u d i e s .  These i n s t r u m e n t s  would t h e n  b e  a p p r o p r i a t e  
f o r  a l u n a r  o r b i t a l  m u l t i s p e c t r a l  e x p e r i m e n t  u s i n g  a v a i l a b l e  
p h o t o g r a p h i c  v i ewing  p o r t s .  

USES CF FIULiTISFECTRAL PHOTOCRAFFY 

O r b i t a l .  panchrorn&t ic  phot.ography ( e .  g , Luriar O r b i t e r . )  
has few raivals  i n  i t s  a . t i l i t y  to d e f i n e  z i z e s ,  s h a p e s ,  r e l a t i v e  
pGai. t . ions,  m d  e x t e n t  o f  c b j e c t s  c f  i i ? t e r e s t  ir-. v a s t  r e g i o n s  o f  
t h c  l u n a -  s u r f a c e ,  b u t  d i f f e r e c t .  t y p e  o b j e c t s  which e x h i b i t .  i d e n -  
t i c a l  g rey  s c a . l e  v a l u e s  cn parichroma.tic p h c t o g r a p h s  ma-y b e  d i . s -  
c r i rc ; ina ted  on m u l t i s p e c t r a l .  phGtCg1'2phS. A comparison of phot.0- 
griaphs t a k e n  i n  d i f f e r e f i t  s p e c t r z . 1  r.egions y i e l d  ir1fcrn:at i o n  
which s imply  ca.riric\t b e  o b t a i n e d  b y  stuCyir-.g t h e  t o n a l  va?u.es cf 
2 s i n g l e  phGtcgra .ph .  The d i f f e r e n c e  may b e  in t e rp re t a ' c1 . e  i n  
terms o f  g e o l o g i c a l .  and geochemica l  p r o p e r t i e s  i f  compar isons  
can. t e  made w i t h  d.etai1.ed r e s u l t s  o f  sirnil-ar s t u a i e s  o f  gro~ir ld  
t r L 1 . t l - i  C .E . t a  p o i r i t s .  

A m u l t i s p e c t r a l  p h o t o g r a p h i c  experinen-t .  i s  b a s i c a l l y  
a r e f l e c t i o n  s p e c t r o s c c p y  expe r imen t  wi t ,h  modera te  s p e c t r e 1  r'e- 
s o l u t i . o n  ( %  500 A )  and e x t e n d s  f ror r  the UT; to t h e  n e a r  IF. The 
s p e c t r a l  reso1uti.or-i avai1abl.e ori each  phc!tcjgx>zph i s  d e t e r m i n e d  
b y  t h e  fi.lm/l.ens f i . l t e r  combina t icE.  A j c d i c i o u s  s e l e c t i o n  cf 
t h e s e  con!bi.naticr,s car: r e s u l t ,  irl na-rr'ow band.e ( p a , r t i c u l a r l - y  i n  
t h e  UV usi.fig i n t e r f e r e n c e  filters) o r  bro2-d bar,ds ( i n  t h e  v i s i -  
ble where phOtGgra.Fhy f r c j m  Lwm O r b i t e r  w i l l  be a v a i l a b l e )  . 

0 

I n  p r i n c i p l e ,  r e f l e c t i o n  s p e c t r a  s t u d i e s  car! r e v e h l  
t h e  gross chen ica l .  and ,  p e r h a p s ,  t h e  mi.nera.logica1 n 2 t u r e  o f  
t.he su r fz -ce  afid the s t a t e  o f  d i s p c r s i c n  o f  the R a t e r i a l .  I n  
p r z - c t i c e ,  how-ever, it  h s s  been  f o u n d  thz>.t. t h e  s u r f a c e  g r m u -  
l a r i t y  cff a particG1it.r: so1i.d hits a. ceci.dec! i.r;flu.erlce GY: the 
rarige o f  r e f l e c t i v i t i e s  arid, as the nia te r iz , l  becones  m c j r e  
firie1.y d i v i d e d ,  on ly  t h e  b r o a d e s t  s p e c t r z . 1  f e a . t u r e s  rem.ain. 
F'or f i n e l y  d i v i a e d  n i a t e r i a l s  i t  becomes exceed.ir1g.l.y d i . f f ' i c u l t  
tG employ t h c  ref 'I .ect?on Spec t ra ,  o b t a i n e d  from m u l t i s p e c t r a l  
PhotoGraphy f o r  d i s c r i m i n a t i o n  p u r p c s e s .  However: t h e  dis- 
t i n c t i o n  be tween t h e  s p e c t r a  of smooth and f i n e l y  d i v i d e d  
m a t e r i a l  c a n  b e  used  a s  a d i s t i n g u i s h i n g  s i g n a t u r e  be tween 
b a r r e n  Pock and d u s t  covered t e r r a i n .  
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I n  a d d i t i c n ,  i t  i s  we3.i knowr: t h a t  t h e  degvee o f  p c l m - -  
i z a t j . o n  o f  t h e  1.ight r e f l - e c t e ~  frcm t h e  lur iz~r  s u r f a c e  i s  s i g n i . f i -  
cant1.3; h i g h e r  f o r  l u . ~ a r  rnai7e thar i  f o r  c o n t i n e n t a l .  a reas .  The de- 
g r e e  of' p o l a r i z a t i o n  i.n the var . ious s p e c t r a l  r e g i o n s  , which may 
be o b t a i n a b l e  fror;i m u l t i s p e c t r a l  pho tcg raphy  u s i n g  pOl8.riZirig 
f i l t e r s ,  i s  u s e f u l  i n  t h e  stu6y c f  n:ater. ial  gr*a.riu!.atic;n arid pes- 
s i b l g  gross cheni ica l  compos i t ion .  A ur , ique deter.n:i.r,aticr, G f  
t he se  p r o p e r t i e s  hou.ld ncjt b e  pc j s s ib l e  frcm t h e  pol  a - r i z a t i o n  
C C L ~ V ~ S  alefie bu.t a-.y ir j- terpretat  i o n  n u s t  n e c e s s a r i l y  b e  ccr is j  2- 
t e n t  w i t h  t h e  p o l . a r i z a t i o n  data. 

MULTISPECTRAL PHOTOGRAPHY FEASIBILITY EXPERIMENT 

A l u n a r  o r b i t a l  m u l t i s p e c t r a l  f e a s i b i l i t y  expe r imen t  
wouid have as  i t s  o b j e c t i v e s :  

1) d e n i o n s t r a t i o n  c f  t h e  f e a s l b i l - i t y  o f  n i u l t i s p e c t r a l  
photograaphg f o r  i d e n t i f y i n g  o r  d i s c r i m j n a t i r , g  lunar 
s u r f & c e  mi?t?riiLls arid mapping t h e i r  d i s t r i b u t i s n  :, 
and 

2 )  1uEar  s v ~ f 2 . c e  geo1c;gi.c afid. geogra1:hic s tuci i -es  Lsj.rig 
mult  i s p e c  t . ra l  s y n o p t i c  photography. 

To accompl i sh  t h e s e  o b j e c t i v e s  a m u l t i s p e c t r a l  photo- 
g r a p h y  f e a s i b i l i t y  exper iment  f rom the CM i n  l u n a r  o r b i t  would 
r e q u i r e  t h e  f o l l o w i n g  i n s t r u m e n t s :  

1) a set of hanci-held c?.n:eras roun t . cd  together co-- 
a x l z l l y ,  m e c h a n i c a l l y  or' e3ectrfc&llb s l a v ~ d  
an  c! b c; r e -. s f gh t. e C ; 

2 )  p r o v i s i o n  for t h e  crewman to o b s e r v e  a p p r o x i m a t e l y  
t h e  same r e g i o n  b e i n g  pho tographed ;  

3) an  e v e n t s  t imer  to r e c o r d  t i m e  and frame number; 

4) a s u i t a b l e  viewing port from t h e  CM;  

5) a s e t  o f  f i l m / l e n s  f i l t e r s  t o  s e l e c t  t h e  s p e c t r a l  
band for e a c h  camera; and 

6) a UV l e n s  for one of  t h e  ganged cameras .  

All of  t h e  above i n s t r u m e n t a t i o n  e i t h e r  has been  d e v e l o p e d ,  i s  
c u r r e n t l y  unde r  development ,  or i s  b e i n g  s t u d i e d .  

E f f e c t i v e l y ,  t h e  m u l t i s p e c t r a l .  f e a s i b i l i t y  e x p e r i -  
ment s u g g e s t e d  f o r  l u n a r  o r b i t  p r o p o s e s  to: 

1) u s e  t h e  s e t  o f  hand-held cameras b e i n g  deve loped  f o r  
e a r t h  o r b i t a l  s t u d i e s  which w i l l  b e  mounted, bo re -  
s i g h t e d ,  and connec ted  t h r o u g h  a w i r i n g  h a r n e s s ;  
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2 )  r e p l a c e  one o f  t h e  cameras  w i t h  an  i d e n t i c a l  camera 
body mated t o  a UV l e n s ;  and 

3 )  pho tograph  t h e  l u n a r  s u r f a c e  t h r o u g h  a n  a p p r o p r i a t e  
CM v iewing  p o r t .  

Each o f  t h e s e  i s  d i s c u s s e d  i n  t u r n .  

A .  Ganged Camera Uni t  

A 4 -un i t  s e t  o f  H a s s e l b l a d  500  EL 7Omm cameras  w i t h  
t h e  8 0 m m  P l a n a r  l e n s  and w i t h  h i g h  c a p a c i t y  magazines  ( %  1 5 0  
f rames /magazine)  i s  c u r r e n t l y  b e i n g  deve loped  f o r  t h e  e a r t h  
o r b i t a l  Handheld Mul t iband  T e r r a i n  Photography Experiment  
(S065) o f  Dr. P a u l  D .  Lowman, Jr. ( R e f .  2 ) .  The cameras  a re  
to be mounted t o g e t h e r  c o a x i a l l y  i n  a f r ame ,  b o r e - s i g h t e d ,  
and  e l e c t r i c a l l y  s l a v e d  th rough  a w i r i n g  h a r n e s s .  The u n i t  
w i l l  be  s e l f - c o n t a i n e d  ( u s i n g  i n t e r n a l  b a t t e r i e s )  e x c e p t  f o r  
c o n n e c t i o n  t o  a n  e v e n t s  t imer .  P r o v i s i o n s  are  a l s o  b e i n g  
s t u d i e d  to p r o v i d e  a viewing c a p a b i l i t y  ( i . e .  , t h e  a r e a  b e i n g  
pho tographed)  f o r  t h e  exper iment  a l t h o u g h  no f i n a l  d e c i s i o n  
has y e t  been  made. 

The f o u r  cameras  a r e  t o  b e  mounted such  t h a t  t h e  
l e n s e s  w i l l  f i t  i n s i d e  a 7 i n  x 7 i n  s q u a r e .  [ T h i s  s i z e  was 
s e l e c t e d  s o  t h a t  t h e  camera a r r a y  would have a n  u n o b s t r u c t e d  
view from t h e  window of  t h e  M u l t i p l e  Docking Adapter  ( M D A ) ] .  
T h e r e f o r e ,  i f  t h e  camera a r r a y  i s  mounted normal  t o  a CPI 
v i ewing  p o r t ,  a 7 i n  x 7 i n  i n t e r n a l  p o r t  i s  s u f f i c i e n t  i f  
t h e  v iewing  a n g l e  i s  n o t  o b s t r u c t e d .  A b r a c k e t  a t t a c h m e n t  
m i g h t  b e  o f  u s e  i n  s t a b i l i z i n g  t h e  camera u n i t  a t  tkle view- 
i n g  p o r t  b u t  t h i s  would also r e q u i r e  t h a t  t h e  area to b e  
pho tographed  b e  w i t h i n  t h e  camera view a n g l e  as d e t e r m i n e d  
by t h e  b r a c k e t  mounting and t h e  s p a c e o r a f t  a t t i t u d e .  

The o b j e c t i v e  of SO65 i s  to o b t a i n  p i c t u r e s  o f  
s e l e c t e d  l a n d  and ocean  a r e a s  i n  f o u r  s p e c t r a l  r e g i o n s  s i -  
m u l t a n e o u s l y  to g a i n  e x p e r i e n c e  i n  e a r t h  o r b i t a l  m u l t i s p e c -  
t r a l  photography and f o r  g e o l o g i c ,  g e o g r a p h i c ,  and oceano- 
g r a p h i c  s t u d i e s  ( R e f .  3 ) .  To accompl i sh  t h i s  o b j e c t i v e  t h e  
p r i n c i p a l  i n v e s t i g a t o r  p roposes  to u s e  t h e  f o l l o w i n g  spec -  
t r a l  bands which a re  de te rmined  b y  t h e  g i v e n  f i l m / l e n s  f i l -  
t e r  combina t ions  (Ref .  4 ) :  

0 

1) 5 0 0 0  - 9000 A ;  Color I R  Fi ln?,  Wra t t en  15 F i l t e r  

2 )  7 0 0 0  - 9000 A ;  I R  S e n s i t i v e  F i lm ,  898 F i l t e r  

3 )  6 0 0 0  - 7000  A ;  P l u s  X Panchromat i c ,  25A F i l t e r  

4) 4800 - 6 0 0 0  A ;  P l u s  X Panchromat i c ,  58 F i l t e r  

0 

0 

0 
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S i n c e  t h i s  p h o t o g r a p h i c  expe r imen t  i s  s c h e d u l e d  t o  t a k e  p l a c e  
from t h e  MDA t h r o u g h  a n  uncoa ted  q u a r t z  window, t h e  v i ewing  
a n g l e  and o p t i c a l  p r o p e r t i e s  o f  t h e  v i e w i n g  p o r t  a r e  n o t  m a j o r  
p rob lems .  Fo r  l u n a r  o r b i t a l  m u l t i s p e c t r a l  p h o t o p a p h y  from t h e  
CM, however ,  t h e  s i z e  and o p t i c a l  p r o p e r t i e s  o f  t h e  v i e w i n p  
p o r t  a r e  m a j o r  problems and a re  d i s c u s s e d  i n  more d e t a i l  l a t e r .  
B. UV Photogrsphy 

a b s o r b s  UV, a m u l t i s p e c t r a l  pho tography  f e a s i b i l i t y  s t u d y  from 
l u n a r  o r b i t  s h o u l d  i n c l u d e  pho tography  o f  t h e  l u n a r  s u r f a c e  i n  t h e  
UV s i n c e  t h i s  s p e c t r a l  r e g i o n  i s  s i g n i f i c a n t  i n  d i s c r i m i n a t i o n  
o f  s o i l s .  At p r e s e n t ,  t h e r e  a r e  no Hasselblad 500  EL'S w i t h  a 
UV l e n s  which c o u l d  sirriply r e p l a c e  one o f  t h e  cameras  i n  t h e  ?,065 
i n s t r u m e n t  package .  However, MSC i s  now c o n s i d e r i n g  s e v e r a l  cam- 
e ras  w i t h  GV l e n s e s  to p e r f o r m  t h e  UV Airglow Hor izon  Exper iment  
(S063) s i n c e  t h e  s p a c e - r a t e d  Maurer camera w i t h  t h e  UV l e n s  h a s  
n e v e r  worked p r o p e r l y .  Some o f  t h e  cameras  b e i n g  c o n s i d e r e d  a r e :  

S i n c e  t h e  moon does  n o t  p o s s e s s  an  a tmosphere  which 

(1) 

( 2 )  
( 3 )  Hasselblad 500 hi, body w i t h  a Ze iss  UV l e n s .  

35 mm Zeiss w i t h  a UV l e n s ;  
Hasselblad 500C body w i t h  a UV l e n s ;  

O f  t h e  t h r e e  cameras  above,  t h e  o n l y  one a c c e p t a b l e  t o  t h e  p r e s e n t  
l u n a r  m u l t i b a n d  photography s t u d y  would be  t h e  Hasselblad 500  EL 
body w i t h  a Zeiss UV l e n s .  The Zeiss  UV l e n s  u n d e r  c o n s i d e r a t i o n  
a t  MSC would b e  f / 2 ,  from 50 t o  1 0 0  mm w i t h  a 48O f i e l d  o f  v i ew,  
and  have  a r a n g e  o f  t r a n s m i s s i o n  from 2 , 0 0 0  t o  7 , 0 0 0  A ( R e f .  2 ) .  
T h i s  camera would e a s i l y  f i t  i n t o  t h e  a r r a y  w i t h  no m o d i f i c a t i o n s  t o  
t h e  frame o r  w i r i n g  h a r n e s s ,  i s  c a p a b l e  o f  t a k i n g  t h e  h i g h  c a p a c i t y  
magaz ines ,  and would have  t h e  same e l e c t r i c a l  c o n n e c t i o n s  as t h e  
camera r e p l a c e d .  

0 

The o t h e r  cameras u n d e r  c o n s i d e r a t i o n  f o r  UV pho tograph  
would r e q u i r e  changes  i n  bo th  t h e  mounting frame and w i r i n g  h a r n e  
( t h e  Hasselblad 500C i s  a m e c h a n i c a l l y  o p e r a t e d  c a m e r a ) ,  t h e r e b y  
n e g a t i n g  any a d v a n t a g e s  i n  u s i n g  t h e  a r ray  and w i r i n g  h a r n e s s  
b e i n g  deve loped  f o r  o t h e r  e x p e r i m e n t s .  C o n s e a u e n t l y ,  f o r  t h e  
l u n a r  m u l t i b a n d  exper iment  we s t r o n g l y  recommend t h e  a d a p t a t i o n  
of a W l e n s  t o  t h e  H a s s e l b l a d  500 EL body.  T h i s  same camera 
would meet t h e  r e q u i r e m e n t s  f o r  SO63. 

C .  CM Viewing Ports 
Case I :  M u l t i s p e c t r a l  Photography Through t h e  CM Windows 

To  p e r f o r m  a mul t iband  f e a s i b i l i t y  e x p e r i m e n t  f rom t h e  
CII i n  l u n a r  o r b i t ,  v iewing  p o r t s  w i t h  an u n o b s t r u c t e d  view and 
s u f f i c i e n t  t r a n s m i t t a n c e  i n  t h e  d e s i r e d  s p e c t r a l  bands  are  
r e q u i r e d .  The CM c o n t a i n s  5 windows ( R e f .  5 ) :  

Y 
ss 

(1) two rendezvous  windows; 
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( 2 )  two s ide  windows; and 

( 3 )  a h a t c h  window. 

The CIvi windows a re  e s s e n t i a l l y  f l a t  - n o t  o p t i c a l l y  f l a t  b u t  f l a t  
enougil t o  t a k e  p i c t u r e s  th rough  them w i t h   lo^ d i s t o r t i o n .  F i g u r e  1 
shows t h e  l o c a t i o n  o f  t h e  v a r i o u s  CM windows and F i g u r e  2 shows t h e  
approx ima te  shape  o f  each  window. Each CM window assembly ( F i g .  3 )  
c o n s i s t s  o f  f o u r  p a n e l s :  I) two i n n e r  p a n e l s ,  each  0 . 2 0  i n c h e s  
t h i c k  w i t h  a 0 . 1 7 5  i n c h  s p a c i n g  between them,  i n s t a l l e d  i n  t h e  
p r e s s u r e  c a b i n  s t r u c t u r e ;  2 )  a t h i r d  p a n e l ,  0 . 7 0  i n c h e s  t n i c k ,  i n -  
s t a l l e d  i n  t h e  CM heat  s h i e l d  s t r u c t u r e ,  a p p r o x i m a t e l y  1 i n c h  from 
t h e  i n n e r  window assembly and v e n t e d  t o  t h e  env i ronmen t ;  and 3 )  an  
o u t e r  p a n e l  0 . 3 0  i n c h e s  t h i c k  which i s  used  as a mic rometeo ro id  
bumper. The two i n n e r  p a n e l s  a re  aluminum s i l i c a t e  (Corn ing  
Code 1 7 2 3 )  w i t h  a m u l t i l a y e r  a n t i r e f l e c t i v e  c o a t i n g  (IIEA) a p p l i e d  
t o  b o t h  s ides  o f  each  p a n e l .  The t h i r d  p a n e l  i s  amorphous f u s e d  
s i l i c a  (Corn ing  Code 7 9 4 0 )  UV g r a d e  q u a r t z  w i t h  a magnesium f l u o -  
r i d e  a n t i r e f l e c t i v e  c o a t i n g  on t h e  o u t e r  s u r f a c e  and a b l u e - r e d  
(UV-IR a b s o r p t i v e - r e f l e c t i v e )  c o a t i n g  on t h e  i n n e r  s u r f a c e  ( R e f .  6 ) .  
T h e  mic rometeo ro id  bumper p a n e l  i s  a l s o  c o n s t r u c t e d  of  amorphous 
f u s e d  s i l i c a  (Corn ing  Code 7940) b u t  i s  not c o a t e d  ( R e f .  5 ) .  The 
CM windows i n  t h e i r  s p a c e c r a f t  mounting a re  s t r e s s e d  and ,  t h e r e -  
f o r e ,  photography from t h e  C M  u s i n g  p o l a r i z i n g  f i l t e r s  i s  n o t  fea- 
s i b l e  ( R e f .  5 ) .  

The d i r e c t  s p e c t r a l  t r a n s m i s s i o n  t h r o u g h  a window assem- 
b l y  ( e x c e p t  f o r  t h e  micrometeoro id  bumper p a n e l )  w i t h  a l l  o p t i c a l  
c o a t i n g s  i s  i n d i c a t e d  by t h e  s o l i d  l i n e  i n  F i g u r e  4 .  Also shown 
i n  t h e  diagram are  t h e  t r a n s m i s s i o n  and r e f l e c t i o n  c h a r a c t e r i s t i c s  
o f  t h e  h e a t  s h i e l d  p a n e l  a t  normal  i n c i d e n c e .  These s p e c t r o g r a -  
p h i c  a n a l y s e s  were conducted unde r  c o n t r o l l e d  l a b o r a t o r y  cond i -  
tions b u t  it s h o u l d  b e  p o i n t e d  o u t  t h a t  c o n d u c t i n g  t r a n s m i s s i o n  
t e s t s  on randomly s e l e c t e d  window samples  can  e a s i l y  r e s u l t  i n  
a 1 0  p e r c e n t  v a r i a t i o n  i n  t r a n s m i s s i o n .  F i g u r e  4 shows t h a t  t h e  * 

C M  window assembly ( e x c e p t  for t h e  mic rometeo ro id  bumper p a n e l )  
has a t r a n s m i t t a n c e  a t  normal i n c i d e n c e  o f  g r e a t e r  t h a n  7 5 %  o v e r  
t h e  s p e c t r a l  r a n g e  from about 4300 A to 7800 A .  The mic rometeo ro id  
bumper p a n e l  has a t r a n s m i t t a n c e  of  g r e a t e r  t h a n  90% i n  t h e  r e g i o n  
from 2500  A to 1 1 , 0 0 0  A ( F i g u r e  5), making t h e  t o t a l  t r a n s m i t t a n c e  
o f  t h e  f o u r  window assembly g r e a t e r  t h a n  655 from 4300 A to 7800 A .  

The  o p t i c a l  c o a t i n g s  on t h e  window have  a UV c u t o n  a t  a b o u t  4 0 0 0  A 
and an  I R  c u t o f f  a t  about  8 2 0 0  A .  
t h e  CM window a s s e m b l y ,  t h e r e f o r e ,  i s  n o t  p a r t i c u l a r l y  conduc ive  to 
a m u l t i s p e c t r a l  s t u d y  i n  l u n a r  o r b i t ,  p a r t i c u l a r l y  i n  t h e  UV and 
n e a r  IF.. 

0 0 

0 0 

0 0 

0 

0 

The s p e c t r a l  t r a n s m i s s i o n  t h r o u g h  
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The s p a c e c r a f t  window r e s o l u t i o n  c h a r a c t e r i s t i c s  f o r  
t h e  t h r e e  window assembly of AS-202 a r e  g i v e n  i n  T a b l e  I .  The 
a d d i t i o n  o f  t h e  micrometeoro id  bumper p a n e l  i s  n o t  e x p e c t e d  to 
s e r i o u s l y  i m p a i r  t h e  r e s o l u t i o n  c h a r a c t e r i s t i c s  o f  t h e  t o t a l  
window assembly s i n c e  t h e  p a n e l  i s  Corning  f u s e d  s i l i c a .  There-  
f o r e ,  t h e  t o t a l  CM window assembly w i l l  a l l o w  a r e s o l u t i o n  o f  
a p p r o x i m a t e l y  4 0  l ines/mm. 

A CY window a s s e n k l y  i s  c o n s t r u c t e d  s u c " k l  t h a t  t h e  ' 

viewing  a n g l e  d e c r e a s e s  w i t h  i n c r e a s i n g  d i s t a n c e  from t h e  i n -  
n e r  s h e l l  o f  t h e  CM f o r  each  p a n e l  of  t h e  window assembly ( R e f .  5 ) .  
T h e r e f o r e ,  t h e  o n l y  CM window w i t h  an  u n o b s t r u c t e d  view f o r  t h e  
4 -un i t  camera a r rangement  be ing  developed. f o r  SO65 i s  t h e  h a t c h  
window. The CM h a t c h  window i s  a c o a t e d  four-window assembly w i t h  
t h e  f o l l o w i n g  c h a r a c t e r i s t i c s :  

v iewing  d imens ions  'L 1 2  i n  x 1 4  i n  

t r a n s m i t t a n c e  > 6 5 2 ,  4300 to 7 8 0 0  A 

I R  c u t o f f  'L 8 2 0 0  A 

UV c u t o n  % 4 0 0 0  A 

0 

0 

0 

r e s o l u t i o n  % 4 0  lines/mm 

f l a t n e s s  v i s u a l l y  f l a t  b u t  n o t  o p t i c a l l y  

S i n c e  t h e  h a t c h  window w i l l  n o t  a l l o w  pho tography  from 
t h e  CM i n  t h e  W and i n  the  n e a r  I R  and s i n c e  t h e s e  s p e c t r a l  bands  
a r e  p a r t  i c u l a r l y  impor t an t  i n  a m u l t i s p e c t r a l  f e a s i b i l i t y  e x p e r i -  
ment ,  a thorough s t u d y  o f  t h e  f e a s i b i l i t y  and d e s i r a b i l i t y  of a 
m u l t i s p e c t r a l  pho tography  expe r imen t  f rom t h e  CM i n  l u n a r  o r b i t  
is no t  deemed p o s s i b l e  u s i n g  t h e  h a t c h  window a s  a p h o t o g r a p h i c  
poy t  . Consequen t ly ,  we recommend t h a t  a m u l t i s p e c t r a l  f e a s i b i l i t y  
expe r imen t  n o t  b e  performed from t h e  CM th rough  t h e  h a t c h  window. 

I n  t h e  e v e n t  that a p a r t i a l  m u l t i s p e c t r a l  experiment,  i s  
deemed d e s i r a b l e  from t h e  CM u s i n g  t h e  h a t c h  window, t h e  expe r imen t  
would n e c e s s a r i l y  b e  r e s t r i c t e d  to t h e  r e g i a n  between abou t  
4 , 0 0 0  A and 8,000 A .  The f i l m / l e n s  f i l t e r  combina t ions  and 
t h e  s p e c t r a l  bands a p p r o p r i a t e  to each  c o u l d  c o n s i s t  o f  t h e  
f o l l o w i n g :  

1) 4 , 0 0 0  - 4,800 A Kodak Spectrum A n a l y s i s  P l a t e  

2) 4,800 - 6,000 A P l u s  X Par ichromatic ,  58 F i l t e r  

3 )  6 , 0 0 0  - 7,000 A P l u s  X Panchromat i c ,  25A F i l t e r  

4 )  7 , 0 0 0  - 8 , 0 0 0  A I R  S e n s i t i v e  F i l m ,  89E F i l t e r  

0 0 

0 

Fi lm No. 1 
0 

0 

0 
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Case 11: CM A i r l o c k  idindow as a P h o t o g r a p h i c  P o r t  

The nominal  CM h a t c h  c a n  b e  r e p l a c e d  b y  a h a t c h  wnich 
w i l l  accommodate t h e  Apo l lo  S c i e n t i f i c  Exper imen t s  A i r l o c k .  A 
h i g h  q u a l i t y  q u a r t z  window can b e  i n s t a l l e d  on t h e  a i r l o c k  dur -  
i n g  f l i g h t  and can  be removed p e r i o d i c a l l y  f o r  c l e a n i n g .  The 
window i s  of  doub le  p a n e l  c o n s t r u c t i o n ,  e a c h  p a n e l  carsable of 
m a i n t a i n i n g  p r e s s u r e  i n t e g r i t y ,  and i s  f a s t e n e d  to t h e  a i r l o c k  
a t  t h e  i n n e r  door  p o s i t i o n .  Each p a n e l  i s  uncoa ted  amorphous 
f u s e d  s i l i c a  (Corn ing  Code 7940) l O m m  t h i c k  and s e p a r a t e d  by 
5 /8  i n  a i r s p a c e  ( a t  p o s i t i v e  p r e s s u r e ) .  F i g u r e  5 d e t a i l s  sone 
o f  t h e  more i m p o r t a n t  o p t i c a l  p r o p e r t i e s  o f  uncoa ted  amorpfious 
f u s e d  s i l i c a  (Corn ing  Code 7 9 4 0 ) .  From t h e  diagram i t  can  b e  
s e e n  t h a t  t h e  a i r l o c k  window w i l l  have a t r a n s m i t t a n c e  o f  g r e a t e r  
t h a n  9 0 %  i n  t h e  s p e c t r a l  r ange  from 2500  R to 11,000 A ,  a s u f -  
f i c i e n t  r a n q e  t o  per form a tho rough  m u l t i s p e c t r a l  f e a s i b i l i t y  
expe r imen t  i n  l u n a r  orbit. S i n c e  t h e  space  between t h e  p a n e l s  i:! 
p r e s s u r i z e d ,  i t  n e c e s s a r i l y  follows t h a t  t h e  a i r l o c k  windov i n  
i t  s p a c e c r a f t  mounting i s  s t r e s s e d  and t h e r e f o r e  t ha t  photogi-,aphy 
u s i n g  p o l a r i z i n g  f i l t e r s  i s  n o t  f e a s i b l e .  

0 0 

F i g u r e  6 i l l u s t r a t e s  t h e  r e l a t i o n s h i p  between t h e  
o u t e r  mold l i n e  o f  t h e  s p a c e c r a f t ,  a i r l o c k ,  and window which i s  such 
t h a t  t h e  o v e r a l l  v iewing  a n g l e  from t h e  c e n t e r  o f  t h e  windobi 
i s  4 9 O  and 65O a c r o s s  t h e  d i a g o n a l .  S i n c e  t h e  a i r l o c k  window 
d imens ions  a re  6 1/2 i n  by 6 1 /2  i n ,  a n  u n o b s t r u c t e d  view for 
t h e  7 i n  b y  7 i n  ganged cameras o f  SO65 i s  n o t  p o s s i b l e .  I n  
f a c t ,  t h e  view a n g l e  f o r  t h e  80mm P l a n a r  l e n s  i s  52O and ,  
t h e r e f o r e ,  a n  u n o b s t r u c t e d  view f o r  t h e  ganged cameras  i s  n o t  
p o s s i b l e  f o r  any p o s i t i o n  a t  t h e  a i r l o c k  window. However, t h e  
o p t i c a l  p r o p e r t i e s  of t h e  a i r l o c k  window are  s o  s u p e r i o r  t o  t h e  
CM h a t c h  window f o r  m u l t i s p e c t r a l  photography t h a t  a s l i g h t l y  
o c c u l t e d  view i s  n o t  c o n s i d e r e d  s i g n i f i c a n t l y  d e t r i m e n t a l  to 
t h e  proposed  m u l t i s p e c t r a l  f e a s i b i l i t y  s t u d y .  

The  CM Experiments  A i r l o c k  window s p e c i f i c a t i o n s  
a r e  ( R e f .  7 ) :  

v iewing  d imens ions  6 .5  i n  s q u a r e  

f l a t n e s s  w i t h i n  2 1 o f  sodium l i g h t  

t r a n s m i t t a n c e  % 9 0 %  from 2500 A to 11,000 A 
0 0 

UV c u t o n  
0 

% 1900 A 
0 

I R  c u t o f f  % 2 4 , 0 0 0  A 

mater ia l  f u s e d  s i l i c a  g l a s s  ( e q u i v a l e n t  to 
Corning  7940) 

c o a t i n g s  none u n l e s s  r e q u e s t e d  
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A mu l t iband  f e a s i b i l i t y  expe r imen t  i n  l u n a r  o r b i t  
u s i n g  t h e  CM Exper imen t s  A i r l o c k  window a s  a v i ewing  p o r t  s h o u l d  
t a k e  a d v a n t a g e  of  t h e  W, v i s i b l e ,  and n e a r  I R  p o r t i o n s  o f  t h e  
spec t rum.  The  l u n a r  s u r f a c e  p h o t o g r a p h i c  expe r imen t  u s i n g  t h e  
SWA H a s s e l b l a d  and SO68 c o l o r  f i l m  w i l l  d e m o n s t r a t e  t h e  d e s i r a -  
b i l i t y  of l u n a r  c o l o r  photography and ,  t h e r e f o r e ,  co lor :  p h o t o -  
g raphy  from l u n a r  o r b i t  c a n  be d e l e t e d  i n  f a v o r  of  a n  a d d i t i o n a l  
narrow s p e c t r a l  band,  p r e f e r a b l y  i n  t h e  n e a r  W.  

Mul t iband  photography w i l l  b e  p o s s i b l e  i n  any s p e c -  
0 

' c r a l  band between 2500 and 11,000 A. It i s  n o t  p o s s i b l e  to 
s u b d i v i d e  t h e  band i n t e l l i g e n t l y  i n t o  o n l y  f o u r  a p p r o p r i a t e  
narrow bands  f o r  a m u l t i s p e c t r a l  f e a s i b i l i t y  expe r imen t  on 
t h e  b a s i s  of  o u r  p r e s e n t  knowledge. Consequen t ly ,  we s u g g e s t  
t h a t  i t  would b e  more s u i t a b l e  to s u b d i v i d e  t h e  band i n t o  a s  
many a s  1 2  narrow s p e c t r a l  bands by t h e  i n c l u s i o n  o f  a p p r o p r i a t e  
P i lm/ l ens  f i l t e r  combina t ions .  (One f i l m  and s e v e r a l  i n t e r f e r -  
ence  f i l t e r s  cou ld  be used  to s u b d i v i d e  t h e  2500 - 4500 A b a n d . )  
It would t h e n  be p o s s i b l e  to pho tograph  t h e  l u n a r  s u r f a c e  i n  
t h e s e  1 2  bands  ( u s i n g  o n l y  4 bands  s i m u l t a n e o u s l y )  to d e t e r m i n e  
which s p e c t r a l  bands  a r e  most  s u i t a b l e  f o r  i d e n t i f i c a t i o n  and 
d i s c r i m i n a t  i o n  of  l u n a r  s u r f a c e  m a t e y i a i s .  

0 

RECOMMENDATIONS 

To  pe r fo rm a m u l t i s p e c t r a l  f e a s i b i l i t y  expe r imen t  f rom 
t h e  CSM i n  l u n a r  o r b i t  t h e  f o l l o w i n g  recommendations a r e  made: 

The CM a i r l o c k  window s h o u l d  be used  a s  t h e  p h o t o -  
g r a p h i c  v iewing  port for a l u n a r  o r b i t a l  m u l t i s p e c -  
t r a l  s t u d y .  An a n t i r e f l e c t i v e  c o a t i n g  on t h e  f o u r  
s u r f a c e s  of t h e  d o u b l e  p a n e l  window would be a d v i s -  
a b l e  s i n c e  i t  would c u t  down c o n s i d e r a b l y  on t h e  
s u r f a c e  r e f l e c t i o n s .  

The 4 - u n i t  s e t  o f  H a s s e l b l a d  500 EL 70 mm cameras  
b e i n g  deve loped  f o r  e a r t h  o r b i t a l  u s e  s h o u l d  be 
mounted c l o s e r  t o g e t h e r  so  t h a t  t h e  l e n s e s  would 
f i t  i n s i d e  a 6 1/2 i n  s q u a r e .  T h i s  would p e r m i t  
a l e s s  o b s t r u c t e d  view th rough  t h e  CM a i r l o c k  win-  
dow which i n  t u r n  p e r m i t s  pho tography  o v e r  a wider  
s p e c t r a l  band t h a n  i s  p o s s i b l e  w i t h  t h e  CM h a t c h  
window. I f  t h i s  recommendat i o n  i s  i n i t i a t e d  e a r l y  
i n  t h e  so65 development program, t h e r e  s h o u l d  be 
no ma jo r  problem i n  mounting t h e  cameras  somewhat 
c l o s e r  t o g e t h e r  ( c u r r e n t l y  t h e r e  seems to be 
%1/2 i n  p l a y  i n  t h e  m o u n t i n g s ) .  
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A H a s s e l b l a d  500 EL body s h o u l d  b e  mated w i t h  a UV 
l e n s  s o  t h a t  photography o f  t h e  l u n a r  s u r f a c e  i n  
t h i s  s p e c t r a l  r e g i o n  would be p o s s i b l e .  T h i s  would 
p e r m i t  t h e  r ep lacemen t  o f  a camera i n  t h e  SO65 frame 
w i t h  no m o d i f i c a t i o n  t o  t h e  frame o r  e l e c t r l c a l  c i r -  
c u i t r y .  S i n c e  a camera w i t h  a UV l e n s  must be d e v e l -  
oped f o r  t h e  UV Airglow Hor izon  Experiment  (S063), i t  
would b e  more economica l  to d e v e l o p  a camera which 
c o u l d  b e  used  w i t h  b o t h  e x p e r i m e n t s ;  t h e  H a s s e l b l a d  
500 EL body mated w i t h  a UV l e n s  would meet t h e  re -  
q u i r e m e n t s  o f  s063 .  

A mounting b r a c k e t  f o r  t h e  camera u n i t  s h o u l d  b e  a t -  
t a c h e d  to t h e  i n n e r  wal l  o f  t h e  CI4 t o  a s s i s t  i n  s ta -  
b i l i z i n g  t h e  camera u n i t  a t  t h e  v i ewing  p o r t .  T h i s  
w i l l  r e q u i r e  t h a t  t h e  CM 3CS be ;sed to p o s i t i o n  t h e  
cameras  f o r  photography.  

I f  t h e  CM h a t c h  window i s  used  a s  t h e  p h o t o g r a p h i c  
v iewing  p o r t  f o r  a p a r t i a l  m u l t i s p e c t r a l .  expe r imen t  
a j e t t i s o n a b l e  c o v e r  f o r  t h e  window shou ld  be employed 
on t h e  e a r l y  p h a s e s  of t h e  m i s s i o n .  E a r l y  Apo l lo  
f l i g h t s  have e x p e r i e n c e d  window c o n t a m i n a t i o n  p r o b -  
lems ( F i g .  7) due p o s s i b l y  to impinging  g a s e s  f rom 
t h e  j e t t i s o n i n g  l a u n c h  e s c a p e  t o w e r y  e t c .  S i n c e  a n  
a b l a t i v e  p l u g  i n  t h e  h e a t  s h i e l d  w i l l  p r o t e c t  t h e  
CM Exper iments  A i r l o c k  window, no c o v e r i n g  w i l l  be 
needed when t h i s  window i s  used a s  t h e  v i ewing  p o r t .  

CONCLUSIONS 

A m u l t i s p e c t r a l  pho tography  f e a s i b i l i t y  expe r imen t  
from t h e  CSM i n  l u n a r  o r b i t  i s  a d e s i r a b l e  s t e p  i n  t h e  o r d e r l y  
development  o f  a l u n a r  o r b i t a l  r e m o t e  s e n s i n g  program. Such 
a n  expe r imen t  i s  f e a s i b l e  on an  e a r l y  l u n a r  o r b i t a l  f l i g h t  
u s i n g  t h e  CM a i r l o c k  window a s  a p h o t o g r a p h i c  v iewing  p o r t  and 
u s i n g  i n s t r u m e n t a t i o n  c u r r e n t l y  u n d e r  development  for e a r t h  
o r b i t a l  s t u d i e s .  A t  t h e  t i m e  p rocurement  o f  cameras  would b e  
n e c e s s a r y  for .  a l u n a r  o r b i t a l  m i s s i o n ,  t h e  H a s s e l b l a d  500 EL 
camera would b e  a n  o f f - t h e - s h e l f  f l i g h t  i t e m  ( R e f .  2 ) .  A 
comprehensive l u n a r  o r b i t a l  m u l t i s p e c t r a l  s t u d y  w i l l  r e q u i r e  
a camera c a p a b l e  of photography i n  t h e  n e a r  W and ,  t h e r e f o r e ,  
i t  i s  recommended t h a t  a H a s s e l b l a d  500 EL body be mated w i t h  
a W l e n s .  T h i s  camera would a l s o  meet t h e  r e q u i r e m e n t s  f o r  
s e v e r a l  W e x p e r i m e n t s  i n  e a r t h  o r b i t  ( e . g . ,  s 0 6 3 ) .  

A l u n a r  o r b i t a l  m u l t i s p e c t r a l  expe r imen t  u s i n g  t h e  CM 
h a t c h  window a s  a p h o t o g r a p h i c  v i ewing  p o r t  would be r e s t r i c t e d  
i n  t h e  a v a i l a b l e  s p e c t r a l  bands  a n d , t h e r e f o r e , w o u l d  be a deg raded  
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expe r imen t  a s  compared to an  e x p e r i m e n t  u s i n g  t h e  CM a i r l o c k  
window. However, a p a r t i a l  m u l t i s p e c t r a l  expe r imen t  u s i n g  t h e  
CM h a t c h  window would be a d e s i r a b l e  s t e p  above t h e  s i n g l e  
H a s s e l b l a d  500 C photography p lanned  for t h e  CM on AS-504. 

1012 -WLP-ecz 

At tachments :  
Tab le  I 
F i g u r e s  1 - 7 
R e f e r e n c e s  

W .  L.  P i o t r o w s k i  



TABLE I - SPACECRAFT WINDOW RESOLUTION CHARACTERISTICS 
FOR MISSION AS-202 

R i g h t  
side 

5 

40 



+ Z  

WINDOW 

- Z  

+X 

- X  

FIGURE I - LOCATION OF CM WlMDOWS(REF. 6 )  
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R I G H T  S I D E  

HATCH 

FIGURE 2 - CM WINDOW SIZES AND SHAPES (REF. 6 )  
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F IGURE 3 - CUTAWAY SHOWING CM WIHDOW ASSEMBLY 
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OPTICAL PROPERTIES 
Refractive Index and Dispersion-Typical Room Temperature Values: 

nu- 1 
np - no 

nb' (486mp) 1.46313 nu (589mp) 1.45841 n,: (656mli) 1.45637 V = - - - 67.8 

Refractive Index Change With Temperature - ne from 0 to 700°C: $1.38 x per "C 

Source: 1. Prod'homme, Verrer et Refroctoires 10:267(1956) 

Birefringence Constant: 3.40 m mu/cm/kg/cmZ 

REFRACTIVE INDEX 
Measured at 20°C 

Wave length Wave Length 
(Microns) Index (Microns) Index 

1.45841 0.21 3856 1.53428 0.589262 
0.21 4438 1.53371 0.656272 1.45637 
0.230209 1.52005 0.70651 9 1.45516 
0.239938 1.51337 0.8521 11 1.45247 
0.269885 1.49805 1.01 398 1.45025 
0.280347 
0.296728 
0.330259 
0.340365 
0.346620 
0.365015 
0.435835 
0.4861 33 
0.546074 

.49404 

.48873 

.48054 

.47859 

.47745 

.47453 

.46670 

.46313 

.46008 

1.12866 
1.39506 
1.52952 
1.6932 
1.97009 
2.1526 
2.4374 
3.2668 
3.5070 

1.44888 
1.44584 
1.44428 
1.44227 
1.43853 
1.43575 
1.43093 
1.41 253 
1.40565 ~~~~ 

0.576959 1.45885 3.7067 1.39937 

TRANSMITTANCE OF FUSED SILICA CODE 7940 
10 mm Thickness -Surface Reflections Included - 100 
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F I G U R E  5 - OPTICAL PROPERTIES OF FUSED SILICA (7940) 
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